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I n t r o d u c t i o n  

The m i n e r a l  compos i t i on  o f  c o a l  i s  t he  r e s u l t  o f  p h y s i c a l ,  chemical  and 
b i o l o g i c a l  processes a c t i n g  on the  system f r o m  the t ime  o f  pea t  accumu la t i on ,  
through b u r i a l  and subsequent i nc rease  i n  r a n k ,  t o  the  p r e s e n t .  W i t h  r e s p e c t  t o  
o r i g i n ,  i n o r g a n i c  c o n s t i t u e n t s  may be c l a s s i f i e d  as: i n h e r e n t  ( b e i n g  d e r i v e d  
f rom i n o r g a n i c  components w i t h i n  the p e a t - f o r m i n g  p l a n t s )  o r  a d v e n t i t i o u s  ( b e i n g  
d e r i v e d  f rom o u t s i d e  the pea t  swamp and f o r m i n g  e i t h e r  d u r i n g  o r  a f t e r  peat  
accumulat ion) ;  and d e t r i t a l  ( t h o s e  t r a n s p o r t e d  i n t o  t h e  p e a t  swamp) o r  
a u t h i g e n i c  ( t h o s e  fo rmed  w i t h i n  t h e  env i ronmen t ) .  Mackowsky ( 1 )  f u r t h e r  
d i f f e r e n t i a t e s  between syngene t i c  m i n e r a l s ,  formed d u r i n g  the  accumu la t i on  o f  
p e a t ,  and e p i g e n e t i c  m i n e r a l s ,  which formed l a t e r .  
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I n  r e c e n t  y e a r s  c o n s i d e r a b l e  c o n t r o v e r s y  has surrounded the o r i g i n  of 
m i n e r a l s  i n  c o a l :  t he  q u e s t i o n  i s  whether  most o f  these m a t e r i a l s  a re  d e r i v e d  
from i n o r g a n i c  subs tances  o r i g i n a l l y  c o n t a i n e d  w i t h i n  pea t - fo rm ing  p l a n t s  
( i n h e r e n t ) ,  o r  f r o m  sources  o u t s i d e  the pea t  swamp ( d e t r i t a l ) .  

S t u d i e s  of modern pea t - fo rm ing  env i ronmen ts  have emphasized t h e  impor tance 
o f  d e t r i t a l  i n f l u x  (2,3), syngene t i c  f o r m a t i o n  o f  p y r i t e  ( 4 )  and b i o g e n i c  s i l i c a  
( 2 , 5 ) ,  and i n - s i t u  m i x i n g  w i t h  u n d e r l y i n g  sediments (2,6) t o  account  f o r  m i n e r a l  
c o n s t i t u e n t s  i n  c o a l .  W i t h i n  the peat  env i ronment  c e r t a i n  u n s t a b l e  d e t r i t a l  
c l a y s  may undergo a l t e r a t i o n  o r  d i s s o l u t i o n  (3,7); o t h e r  c l a y s ,  such as  
k a o l i n i t e ,  may f o r m  a u t h i g e n i c a l l y ;  and b i o g e n i c  s i l i c a  d i s s o l v e s ,  p o s s i b l r  
c o n t r i b u t i n g  t o  l a t e r  a u t h i g e n i c  m i n e r a l i z a t i o n  (3,s). I n  c o a l s ,  a u t h i g e n i c  
k a o l i n i t e  f o r m a t i o n  a l o n g  c l e a t s  i s  common ( 8 , 9 ) .  Clays  may a l s o  fo rm by 
a l t e r a t i o n  o f  v o l c a n i c a l l y - d e r i v e d  m a t e r i a l  (10). Opposing the  concept  o f  a 
ma jo r  d e t r i t a l  i n p u t ,  C e c i l  and h i s  co-workers (11,12) c o n s i d e r  the  ma jo r  source 
o f  ash components t o  be the  i n o r g a n i c  f r a c t i o n  o f  p e a t - f o r m i n g  p l a n t s ,  and t o t a l  
m i n e r a l  c o n t e n t  t o  be a f u n c t i o n  o f  t he  degree o f  p e a t  deg rada t ion .  

Wh i le  t h i s  c o n t r o v e r s y  s t i l l  l i n g e r s ,  i t s  appears t h a t  s e v e r a l  o r i g i n s  are 
p o s s i b l e  f o r  m i n e r a l s  i n  p e a t  and c o a l ,  i n c l u d i n g  d e t r i t a l  i n f l u x ,  b i o g e n i c  
i n p u t ,  and p r e c i p i t a t i o n  e i t h e r  d u r i n g  o r  a f t e r  pea t  accumu la t i on ,  i n c l u d i n g  
some c o n t r i b u t i o n  f rom i n o r g a n i c  substances d e r i v e d  f r o m  p l a n t s .  V a r i o u s  
s t u d i e s  have a t tempted  t o  r e l a t e  i n o r g a n i c  compos i t i on  t o  c o n d i t i o n s  e x i s t i n g  a t  
t he  t i m e  o f  pea t  accumu la t i on .  P y r i t e  has f r e q u e n t l y  been a s s o c i a t e d  w i t h  
mar ine  and b r a c k i s h  p e a t s  (4,13), and t h e  p y r i t e  c o n t e n t  o f  coa l  has  been 
r e l a t e d  t o  r o o f  1 i t h o l o g y  (14,lS). C l a y  assemblages o f  c o a l s  and u n d e r c l a r s  
a l s o  have been r e l a t e d  t o  d e p o s i t i o n a l  env i ronment  ( 9 , 1 6 ) .  

The purpose o f  t h i s  paper  i s  t o  d e c r i b e  v a r i a b i l i t y  i n  the  i n o r g a n i c  
c o n t e n t  o f  a s i n g l e  c o a l  and at tempt  t o  e x p l a i n  the  d i s t r i b u t i o n  o f  m i n e r a l s  i n  
a framework o f  d e p o s i t i o n a l  env i ronmen ts .  I n  wes te rn  Pennsy lvan ia ,  t h e  Lower 
K i t t a n n i n g  seam p r o v i d e s  an o p p o r t u n i t y  t o  s tudy  c o a l  t h a t  was i n f l u e n c e d  b y  
f reshwa te r ,  b r a c k i s h  and mar ine  c o n d i t i o n s ,  as i n d i c a t e d  b y  a p r e v i o u s  s t u d y  o f  
t he  o v e r l y i n g  s h a l e  (17). Severa l  g e o l o g i c  c o n t r o l s  are though t  t o  have 
i n f l u e n c e d  d e p o s i t i o n  d u r i n g  t h i s  t ime:  d i f f e r e n t i a l  subs idence r e s u l t e d  i n  a 
t h i c k e n i n g  o f  sediments (and  c o a l )  towards the c e n t e r  o f  t he  b a s i n ;  a basement 
h i g h  t o  the n o r t h  o f  t he  f i e l d  a rea  may have s u p p l i e d  c l a s t i c  m a t e r i a l ,  add ing  
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t o  a p redominant ly  e a s t e r n  sediment source ;  and a c t i v e  f o l d s  and v a r i a t i o n s  i n  
pa leotopography may have a l s o  i n f l u e n c e d  sed imenta t ion  p a t t e r n s  118).  

v 
Sampl i n 9  and Methods 

F o r t y - t h r e e  channel  samples o f  the Pennsylvanian-aged Lower K i  t t a n n i n g  coal  
( K i t t a n n i n g  Format ion ,  A l l e g h e n y  Group) were c o l l e c t e d  i n  western Pennsylvania.  
Samples a r e  r e p r e s e n t a t i v e  o f  a l l  th ree  suggested d e p o s i t i o n a l  env i ronments 
( F i g u r e  1) and a l s o  o f  t h e  inc rease i n  r a n k  from h i g h  v o l a t i l e  b i t u m i n o u s  i n  the  
west  t o  low v o l a t i l e  b i t u m i n o u s  i n  the  s o u t h e a s t .  Analyses i n c l u d e d  major  and 
minor  elements,  t o t a l  s u l f u r  and s u l f u r  forms, and low-temperature ash ing .  
LTA’s w e r e  o b t a i n e d  a c c o r d i n g  t o  s tandard  procedures  ( 1 9 ) .  X-ray d i f f r a c t i o n  
a n a l y s i s  o f  LTA’s p r o v i d e d  q u a l i t a t i v e ,  q u a n t i t a t i v e  ( f o r  q u a r t z  and p y r i t e ) ,  
and s e m i - q u a n t i t a t i v e  ( f o r  c l a y s  i n  the  < 2 ym f r a c t i o n )  da ta  u s i n g  procedures 
m o d i f i e d  f rom R u s s e l l  and R i m m e r  ( 2 0 ) .  K a o l i n i t e  was q u a n t i t i f i e d  u s i n g  
i n f r a - r e d  spec t roscopy .  M i n e r a l  compos i t ion  was a l s o  c a l c u l a t e d  by normat ive 
techn iques  m o d i f i e d  from P o l l a c k  (21)  and Given et a_l.q ( 2 2 ) .  

R e s u l t s  and D i s c u s s i o n  

The major m i n e r a l  components o f  t h i s  coa l  i n c l u d e  q u a r t z ,  p y r i t e  (and 
m a r c a s i t e ) ,  and c l a y s  ( p r e d o m i n a n t l y  k a o l i n i t e  and i l l  i t e l m i c a ,  w i t h  l e s s e r  
amounts o f  expandable c l a y s ) .  T o t a l  m i n e r a l  c o n t e n t  (percent  LTA) v a r i e s  
c o n s i d e r a b l y  a c r o s s  the  b a s i n ,  w i t h  v e r y  h i g h  ash c o n t e n t s  o c c u r r i n g  i n  the  
c e n t e r  o f  the b a s i n  and a l o n g  s e c t i o n s  o f  the A l legheny F r o n t .  To f u r t h e r  
understand these v a r i a t i o n s ,  i n d i v i d u a l  m i n e r a l  d i s t r i b u t i o n s  were examined. 

P y r i t e  d i s t r i b u t i o n  shows a d e f i n i t e  b a s i n a l  t r e n d ,  w i t h  h i g h  p y r i t e  
conten ts  o c c u r r i n g  a c r o s s  the  c e n t e r  o f  the  b a s i n  ( F i g u r e  2 ) .  Whereas much of  
t h i s  area u n d e r l i e s  m a r i n e  and b r a c k i s h  r o o f  r o c k s ,  the  r e l a t i o n s h i p  i s  n o t  
p e r f e c t .  H i g h e s t  p y r i t e  c o n t e n t  appears t o  be most c l o s e l y  r e l a t e d  t o  the 
eas tern  b r a c k i s h  zone. F a c t o r s  i n f l u e n c i n g  the d i s t r i b u t i o n  o f  s u l f u r  i n  peat 
and c o a l s  i n c l u d e  a v a i l a b i l i t y  o f  i r o n  and s u l f a t e ,  and pH.  S u l f a t e  i s  thought 
t o  be i n t r o d u c e d  by  m a r i n e  and b r a c k i s h  w a t e r s  ( 4 ) .  Recent work on p y r i t e  
d i s t r i b u t i o n  i n  the  F l o r i d a  Everg lades  (23) i n d i c a t e s  h i g h e s t  p y r i t e  conten t  i s  
a s s o c i a t e d  w i t h  b r a c k i s h  env i ronments  r a t h e r  than mar ine ,  and t h i s  has been 
r e l a t e d  t o  the a v a i l a b i l i t y  o f  i r o n .  I n  f r e s h w a t e r ,  i r o n  i s  t r a n s p o r t e d  i n  
o rgan ic  c o l l o i d s  wh ich  f l o c c u l a t e  q u i c k l y  upon e n t e r i n g  b r a c k i s h  water ,  
r e s u l t i n g  i n  a h i g h e r  a v a i l a b i l i t y  o f  i r o n  i n  b r a c k i s h  env i ronments (24 ) .  pH i s  
a l s o  a f a c t o r ,  as much o f  the  p y r i t e  appears t o  fo rm as a by-product o f  
s u l f a t e - r e d u c i n g  b a c t e r i a  ( 4 ) .  Compared t o  the  more a c i d i c  f reshwater  
environments,  h i g h e r  l e v e l s  o f  m i c r o b i a l  a c t i v i t y  wou ld  occur i n  the  n e u t r a l  t o  
b a s i c  pH c o n d i t i o n s  e x i s t i n g  i n  mar ine  o r  b r a c k i s h  w a t e r s .  P y r i t e  conten t  i s  
t h e r e f o r e  h i g h e s t  i n  a r e a s  t h a t  w e r e  i n f l u e n c e d  a t  l e a s t  by b r a c k i s h  c o n d i t i o n s .  

The c e n t r a l  p a r t  o f  the  b a s i n  was e x p e r i e n c i n g  more r a p i d  subsidence than 
the  margins,  t h u s  any mar ine  i n f l u e n c e  would be g r e a t e r  i n  t h i s  area. Apparent 
d i s c r e p e n c i e s  i n  the  r e l a t i o n s h i p  between p y r i t e  c o n t e n t  and r o o f  l i t h o l o g y  may 
be e x p l a i n e d  on the  b a s i s  o f  i r o n  a v a i l a b i l i t y .  (Data  t o  be d iscussed l a t e r  
Suggest a d e t r i t a l  i n f l u e n c e  towards t h e  e a s t e r n  marg in  o f  the b a s i n ,  p r o v i d i n g  
c l a y - r i c h  sediments w h i c h  may have c o n t r i b u t e d  t o  the  supp ly  o f  i r o n ) .  
workers  have a l s o  commented on t h i s  l a c k  o f  c o r r e l a t i o n  and suggest e p i g e n e t i c  
p y r i t e  f o r m a t i o n  a l o n g  c l e a t s  and j o i n t s  may be r e s p o n s i b l e  ( 2 5 ) .  
a l t e r n a t i v e  i s  t h a t  t h e  zone o f  maximum b r a c k i s h  and mar ine  i n f l u e n c e  s h i f t e d  
d u r i n g  the  h i s t o r y  o f  t h e  peat  swamp. 

Other 

A t h i r d  

Q u a r t z  c o n t e n t  i s  h i g h e s t  i n  the  n o r t h - c e n t r a l  p a r t  o f  the  b a s i n ,  w i t h  
i s o l a t e d  q u a r t z - r i c h  pods a l o n g  the A l legheny F r o n t .  
c o a l  has been debated  a t  l e n g t h .  D e t r i t a l  q u a r t z  has been d i s t i n g u i s h e d  by many 

The o r i g i n  o f  q u a r t z . i n  
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a u t h o r s  ( 1 , 3 )  w h i l e  o t h e r  w o r k e r s  ( 1 1 , 1 2 )  b e l i e v e  much o f  t h i s  q u a r t z  i s  d e r i v e d  
froin s i l i c a  o r i g i n a l l y  c o n t a i n e d  w i t h i n  the  p l a n t s .  P e t r o g r a p h i c  o b s e r v a t i o n s  
Of q u a r t z  i n  t h i s  c o a l  r e v e a l e d  an a s s o c i a t i o n  w i t h  a t t r i t a l  bands, s u g g e s t i n g  a 
d e t r i t a l  o r i g i n .  The d i s t r i b u t i o n  may be r e l a t e d  t o  the basement h i g h  t h a t  
e x i s t e d  t o  the  n o r t h  d u r i n g  t h i s  t ime  ( 1 8 ) .  T r a n s p o r t a t i o n  w i t h i n  the  swamp of 
q u a r t z - r i c h  sediments d e r i v e d  f rom t h i s  h i g h  was p o s s i b l y  r e s t r i c t e d  by the 
b a f f l i n g  e f f e c t  o f  v e g e t a t i o n ,  a phenomenon n o t e d  i n  modern swamps ( 2 ) .  I n  
a d d i t i o n ,  l e s s e r  amounts o f  q u a r t z  may have been c a r r i e d  i n  f rom t h e  e a s t .  
Sediment d e r i v e d  f rom t h i s  l a t t e r  source appears t o  have been p r e d o m i n a n t l y  
c l a y .  Comparable q u a r t z  d i s t r i b u t i o n s  were n o t e d  i n  the underc lay  1261, t h u s  
t h e  i n f l u e n c e  o f  i n - s i t u  m i x i n g  a l s o  e x i s t s .  

K a o l i n i t e  i s  the ma jo r  c l a y  c o n s t i t u e n t  o f  t he  c o a l  and occu rs  i n  h i g h e s t  
c o n c e n t r a t i o n s  a l o n g  the b a s i n  marg ins ,  w i t h  i l l i t e  i n c r e a s i n g  towards  the  
c e n t r a l  p a r t  o f  t he  bas in .  Once aga in  a s i m i l a r  d i s t r i b u t i o n  wasnoted i n  the  
u n d e r c l a y s  ( 2 6 ) .  D i f f e r e n t i a l  f l o c c u l a t i o n  w i t h i n  t h e  b a s i n ,  t o g e t h e r  w i t h  
chemical  r e g r a d i n g  o f  c l a y s ,  c o u l d  be used t o  e x p l a i n  t h i s  d i s t r i b u t i o n .  
Holbrook (26) argues a g a i n s t  t h i s  mechanism f o r  t he  u n d e r c l a r s  on t h e  b a s i s  of 
f l o c c u l a t i o n  s t u d i e s  i n  modern env i ronmen ts ,  and sugges ts  d i f f e r e n t i a l  l e a c h i n g  
r e l a t e d  t o  v a r i a t i o n s  i n  pa leo topographr  may have been i m p o r t a n t .  Another  
c o n t r o l  c o u l d  be the  e f f e c t  o f  pea t  c h e m i s t r y  on the c l a y  assemblage. K a o l i n i t e  
appears t o  be h i g h e s t  i n  f r e s h w a t e r  env i ronments where,  under l ower  pH 
c o n d i t i o n s ,  i t  wou ld  be t h e  most s t a b l e  c l a y  m i n e r a l .  Thus, i n  these areas no t  
o n l y  c o u l d  k a o l i n i t e  be d e t r i t a l ,  b u t  a l s o  the p r o d u c t  o f  c l a y  a l t e r a t i o n  and 
a u t h i g e n e s i s .  The presence o f  h igh - tempera tu re  p o l r t r p e s  suggest  a d e t r i t a l  
o r i g i n  f o r  i l l i t e h i c a  i n  the Lower K i t t a n n i n g  c o a l  and u n d e r c l a r ,  as d i scussed  
by Dav is  d, ( 3 )  and HclbrooK 1 2 6 ) .  D e t r i t a l  i l l i t e / m i c a  wou ld  be b e t t e r  
p rese rved  i n  more bas inward  a reas .  

@ne a d d i t i o n a l  c o n t r o l  on t h e  c l a y  m i n e r a l  assemblage c o u l d  be r a n k .  W i t h  
t h e  i nc rease  i n  r a n k  e x h i b i t e d  b y  t h i s  c o a l ,  c e r t a i n  d i a g e n e t i c  changes m i g h t  be 
expected.  No c o n s i s t e n t  t r e n d s  i n  m i n e r a l o g y  were observed,  however a genera l  
l a c k  o f  s m e c t i t e  and h igh l y -expandab le  c l a y s  (which can be seen i n  lower  rank  
c o a l s )  was no ted .  T h i s  c o u l d  be r e l a t e d  t o  rank ,  o r  be a f u n c t i o n  o f  
provenance.  

Summary 

The d i s t r i b u t i o n  o f  m i n e r a l s  w i t h i n  the  Lower K i t t a n i n g  coa l  can be r e l a t e d  
t o  d e p o s i t i o n a l  env i ronments.  T o t a l  m i n e r a l  c o n t e n t  v a r i e s  c o n s i d e r a b l y  ac ross  
the  b a s i n ,  and v a r i a t i o n s  can be e x p l a i n e d  by examin ing the d i s t r i b u t i o n s  o f  
i n d i v  i dual  m i n e r a l  5 .  

P y r i t e  c o n t e n t  i s  c o n t r o l l e d  by a v a i l a b i l i t y  o f  s u l f a t e  and i r o n ,  and pH. 
H ighes t  c o n c e n t r a t i o n s  a re  seen towards t h e  c e n t e r  o f  the b a s i n  where subsidence 
was more r a p i d  and mar ine  and b r a c k i s h  i n f l u e n c e s  ( a f f e c t i n g  s u l f a t e  
a v a i l a b i l i t y  and pH) were f e l t  d u r i n g  and a f t e r  pea t  accumu la t i on .  I r o n  
a v a i l a b i l i t y  may have been a s s o c i a t e d  w i t h  the  t r a n s p o r t  o f  o r g a n i c  c o l l o i d s  or 
c l a y  i n t o  the  b a s i n .  

Quar tz  appears t o  be l i m i t e d  t o  the  n o r t h e r n  p a r t  o f  t he  f i e l d  a rea  and 
i s o l a t e d  a reas  a l o n g  the A l l e g h e n y  F r o n t .  I t  i s  suggested t h a t  q u a r t z - r i c h  
sediments were d e r i v e d  f rom a p o s i t i v e  a rea  t o  t h e  n o r t h .  Much o f  the sediment 
b rough t  i n  f rom the  e a s t  appears t o  have been c l a y - r i c h .  

The c h e m i s t r y  o f  the pea t  may have had  a s t r o n g  i n f l u e n c e  on c l a y  m i n e r a l  
assemblage. K a o l i n i t e  may have been b o t h  d e t r i t a l  and a u t h i g e n i c ,  whereas 
i 1 1 i t e / m i c a  appears t o  be d e t r i t a l .  Rank has had l i t t l e  e f f e c t  on the  o v e r a l l  
c 1 ay assembl age. 
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FIGURE 1. DISTRIBUTION OF SAMPLES IN WESTERN PENNSYLVANIA IN RELATION TO SUGGESTED ENVIRONMENTS 
OF DEPOSITION FOR THE OVERLYING SHALE 

FIGURE 2. LATERAL VARIABILITY I N  PYRITE CONTENT (LTA BASIS), 
AS DETERMINED BY X-RAY DIFFRACTION ANALYSIS 
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